The sub basins of a river are not hydrologically homogeneous, because of their location, drainage pattern, precipitation and other characteristics. The present study is a new approach for developing relationships between different hydrological parameters such as cloud cover, potential evapotranspiration (PET), Reference Crop Evapotranspiration (RCET), vapor pressure, temperature, precipitation and discharge of different sub basins. The study considers the application of association rules of data mining for 8 sub basins of a river in south India. An attempt is also made to check whether the developed association rules in the data hyperspace have any physical meaning or not. The generated association rules indicate there is hydrological homogeneity between some sub basins while others are hydrologically heterogeneous.
INTRODUCTION
The demand for water is increasing constantly while the availability of water remains practically constant. Hence, proper development and management of available water resources is a necessity. Estimation of dependable yield is one of the primary inputs for the development and management of any water resource system. The dependable yield/runoff of a river basin/sub basin depends on rainfall characteristics such as magnitude, intensity, distribution and catchment characteristics such as soil, vegetation, shape, geology, slope and drainage density and also climatic factors which influence evapotranspiration. The interrelationships between these factors are extremely complex.
The analysis of sub basins' characteristics of a river is of vital interest in hydrological engineering due to its importance in estimating dependable yield for the design and management of water related projects. The analysis also is useful in flood and drought analysis, prediction and control.
DATA MINING
Data mining is considered as knowledge discovery in data bases. [Han,J. and Kamber,M . 2006 ] It is the automated or convenient extraction of patterns representing knowledge implicitly stored in large databases, data warehouses and other massive information repositories.
The abundance of hydrological data coupled with need for powerful data analysis tools has been termed as data rich but information-poor situation. Hence the important decisions such as prediction of rainfall, runoff including floods are made not based on information rich data stored in databases but rather on decision makers intuition simply because the decision maker may not have the tools to extract the valuable knowledge embedded in large amounts of data. 
ASSOCIATION RULE MINING
Association rule mining searches for interesting relationships among attributes in a dataset. Association rules are similar to classification rules except that they can predict any attribute not just the class, and this allows them to predict combination of attributes too. Association rules are not intended to be together as a set. Different association rules express different regularities that underlie the dataset, and they generally predict different things.
Because so many interesting association rules can be derived from even a tiny dataset, interest is restricted to those that apply to a reasonably large number of instances and have a reasonably high accuracy on the instances to which they apply to. The coverage of an association rule is the number of instances for which it predicts correctly. [Zhou,H. et.al., 2008] This is often called its support. Its accuracy often called confidence is the number of instances it predicts correctly expressed as a proportion of all instances to which is ap plies.
The rule Rainfall (T,"LESS") Discharge (T,"LESS") means if rainfall, T, is less then discharge, T is also less.
The accuracy is the proportion of the days when rainfall is less than the mean rainfall also has discharge less than the mean discharge, expressed in percentage or fraction. It is usual to specify minimum support (coverage) and the confidence (accuracy) values and to seek only those rules whose support and confidence are at least equal to these specified minima. Rules that satisfy both minimum support threshold and minimum confidence threshold are called strong. Generally support and confidence values are expressed between 0% to 100% rather than 0 to 1.0. The Cauvery basin is fan-shaped in Karnataka and leaf-shaped in Tamilnadu. The runoff does not drain off quickly because of its shape and therefore, no fast rising floods occur in the basin. The basin receives rainfall mainly from the S-W monsoon and partially from N-E monsoon in Karnataka. The basins in Tamilnadu receive good flows from the north-east monsoon. The sub basins considered for the present study with tributaries and gauge sites are provided in table 1.
APPLICATION AND RESULTS
The eight sub basins of Cauvery river as shown in Fig 1. Twenty three years monthly data of cloud cover, PET, RCET, temperature, vapor pressure and rainfall for each sub basin are considered for the present study.
Various combinations of input data were tried and for each of them association rules were generated using weka environment. Fig.2 shows the sample output of the association rules(obtained) for sub basins D1 to D9(except D3 due to lack of available data) for peak flow months of 23 years with minimum support=0.25 and minimum confidence=0.9
The generated association rules indicate that sub basins D2,D4 and D6 are strongly associated with peak flows in the same months.
The association rules also show that there is some association between sub basins D2, D4 and D5 and also between D2, D4 and D9 with respect to peak flow months.
Sub basin 'D1' is not associated with any other sub basin. Similarly the association rules are also generated for sub basins D1 to D9 (except D3) for low flow months and for mean monthly flows for M ORE or LESS values corresponding to respective monsoon/non monsoon mean of 23 years for the months January to December indicate strong association between sub basins D2, D4 and D6. 1.D4=AUGUST 9 ==>D5= SEPTEMBER 9 conf: (1) 2.D2=AUGUST D4= AUGUST 7 ==> D5= SEPTEMBER 7
conf:(1) 3. D5= SEPTEMBER D9=AUGUST 7 ==> D2=AUGUST 7 conf:(1) 4. D2=AUGUST D9=AUGUST 7 ==> D5= SEPTEMBER 7
conf:(1) 5. D6= JULY 6 ==> D2= JULY 6 conf: (1) 6. D6= JULY 6 ==> D4= JULY 6 conf: (1) 7. D4= AUGUST D9=AUGUST 6 ==> D2=AUGUST 6 conf:(1) 8. D4= JULY D6=JULY 6==> D2= JULY 6 conf: (1) 9. D2= JULY D6= JULY 6==>D4=JULY 6 conf:(1) 10. D6= JULY 6 ==> D2=JULY D4= JULY 6 conf:(1) 
CONCLUSIONS
Previous studies considered that sub basins of a river are homogeneous for hydrological analysis. This paper demonstrates the application of association rules of data mining for characteristic study of sub basins of a river. The association rules generated indicates the relationships between climatic factors and rainfall and discharge for each sub basin. The developed rules indicate the sub basins D2 and D4 and also D1 and D5 are hydrologically homogeneous. The obtained association rules show that the effect of discharge of sub basin D1 on the d/s sub basin D6 is negligible. This can be substantiated by the presence of reservoir just u/s of gauging station in sub basin D1. Also from the association rules it can be concluded that the discharge of d/s sub basin (D9) depends on discharge of sub basins D6 and D7 and not on discharge of sub basin D8.
